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ABSTRACT Four lytic phages, vB_KpnP_BIS33, vB_KpnP_IL33, and vB_KpnP_PRA33
of the Podoviridae family and vB_KpnM_BIS47 of the Myoviridae family, which act
against animal-pathogenic Klebsiella pneumoniae strains, were isolated from sewage
plants in Poland. They possess double-stranded DNA genomes of 41,697 bp,
41,335 bp, 40,605 bp, and 147,443 bp, respectively.
Klebsiella pneumoniae is a facultative anaerobic Gram-negative bacterium thatcauses a wide range of diseases in humans and in domestic and farm animals. As
a pathogen, it can acquire resistance to carbapenems, which are often considered to be
drugs of last resort (1). One promising alternative for antibiotic treatment of carbapenem-
resistant K. pneumoniae infections might be phage therapy. Lytic bacteriophages (phages)
and/or their gene products, such as lysins, can easily be used as therapeutic agents against
bacteria, as they are host speciﬁc and generally show no side effects.
Four lytic Klebsiella phages, vB_KpnP_BIS33, vB_KpnP_IL33, vB_KpnP_PRA33,
and vB_KpnM_BIS47, were isolated by a standard enrichment method (2) using K. pneu-
moniae strains that had previously been isolated from seals or dogs. Water samples for
phage enrichment were collected from sewage plants in Biskupiec (BIS33 and BIS47),
Iława (IL33), and Prabuty (PRA33) in Poland. Genomic DNA from the phages was
isolated with a modiﬁed phenol-chloroform extraction method (3). Sequencing was
performed on an Illumina NextSeq500 platform, generating 6million, 7.1 million, 10 million,
and 17.2 million paired-end reads (2 150) for PRA33, IL33, BIS47, and BIS33, respectively.
Single contigs were obtained for all four genomes by de novo assembling the phage
sequences using CLC Genomics Workbench version 8.5.1. Annotation was performed using
themyRast (4) and UGENE (5) software packages, with auto-annotation andmanual editing,
respectively. The upstream sequences of all open reading frames were checked for appro-
priately spaced ribosome-binding sites with homology to GGAGGT. Promoter sequences
were identiﬁed by the PHIRE program (6), while tRNA sequences were detected with the
tRNAscan-SE (7) and ARAGORN (8) software packages. Table 1 shows the summary report
for the four sequenced genomes.
Based on gene predictions, all four phage genomes contain genes for replication,
virion structure, and lysis. Coding sequences (CDSs) were identiﬁed also for putative
homing endonuclease, helicase, DNA ligase, and DNA polymerase. Additionally,
CDSs for terminase, head-tail connector protein, collar protein, putative tail tubular
proteins, and tail ﬁber protein were found. Bacteriophages vB_KpnP_BIS33 and
vB_KpnP_IL33 possess their own RNA polymerase, suggesting that they are related to
phage T7. The CDSs for holin and therapeutically desired endolysin were detected in all
four genomes. Lysogenization genes, such as site-speciﬁc integrases and repressors,
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were not identiﬁed in any of the four genomes. Additionally, genome annotation of
vB_KpnM_BIS47 revealed 18 tRNA genes.
Whole-genome sequence alignments with BLASTn (9) and molecular phyloge-
netic analyses with the maximum likelihood method (10) demonstrated that phages
vB_KpnP_BIS33, vB_KpnP_IL33, and vB_KpnP_PRA33 are closely related to each
other. However, they differ in a few CDSs encoding, e.g., putative endonuclease,
protein kinase, or, in most cases, hypothetical proteins. Phages vB_KpnP_IL33 and
vB_KpnP_PRA33 represent the same clade as bacteriophage KpV289 (GenBank acces-
sion no. LN866626) (11). Phages vB_KpnP_BIS33 and vB_KpnM_BIS47 show more than
93% whole-genome sequence identity with phages KpV763 (accession no. KX591654)
and KB57 (accession no. KT934943), respectively.
Accession number(s). Nucleotide sequence accession numbers are shown in
Table 1.
ACKNOWLEDGMENTS
This study was supported by the National Center for Research and Development
(Poland) within project grant LIDER/006/414/L-4/12/NCBR/2013 (to P.G.) and the Na-
tional Science Center (Poland) within project grant UMO-2016/23/B/NZ6/02537 (to
P.G.).
We are grateful to the members of the GERMS-ASM Student Chapter in Gdan´sk,
Poland, for their excellent technical assistance in water sample collection and phage
isolation. We also thank Andrew Kropinski for his invaluable help in genome annota-
tion.
REFERENCES
1. McKenna M. 2013. Antibiotic resistance: the last resort. Nature 499:
394–396. https://doi.org/10.1038/499394a.
2. Wommack KE, Williamson KE, Helton RR, Bench SR, Winget DM. 2009.
Methods for the isolation of viruses from environmental samples.
Springer, New York, NY.
3. Sambrook JF, Russell DW. 2001. Molecular cloning: a laboratory manual,
3rd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY.
4. Overbeek R, Olson R, Pusch GD, Olsen GJ, Davis JJ, Disz T, Edwards RA,
Gerdes S, Parrello B, Shukla M, Vonstein V, Wattam AR, Xia F, Stevens R.
2014. The SEED and the Rapid Annotation of microbial genomes using
Subsystems Technology (RAST). Nucleic Acids Res 42:D206–D214. https://
doi.org/10.1093/nar/gkt1226.
5. Okonechnikov K, Golosova O, Fursov M, UGENE team. 2012. Unipro
UGENE: a uniﬁed bioinformatics toolkit. Bioinformatics 28:1166–1167.
https://doi.org/10.1093/bioinformatics/bts091.
6. Lavigne R, Sun WD, Volckaert G. 2004. PHIRE, a deterministic approach
to reveal regulatory elements in bacteriophage genomes. Bioinformatics
20:629–635. https://doi.org/10.1093/bioinformatics/btg456.
7. Lowe TM, Eddy SR. 1997. TRNAscan-SE: a program for improved detec-
tion of transfer RNA genes in genomic sequence. Nucleic Acids Res
25:955–964.
8. Laslett D, Canback B. 2004. ARAGORN, a program to detect tRNA genes
and tmRNA genes in nucleotide sequences. Nucleic Acids Res 32:11–16.
https://doi.org/10.1093/nar/gkh152.
9. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol 215:403–410. https://doi.org/10.1016/
S0022-2836(05)80360-2.
10. Tamura K, Nei M. 1993. Estimation of the number of nucleotide substi-
tutions in the control region of mitochondrial DNA in humans and
chimpanzees. Mol Biol Evol 10:512–526.
11. Volozhantsev NV, Myakinina VP, Popova AV, Kislichkina AA, Komisarova
EV, Knyazeva AI, Krasilnikova VM, Fursova NK, Svetoch EA. 2016. Com-
plete genome sequence of novel T7-like virus vB_KpnP_KpV289 with
lytic activity against Klebsiella pneumoniae. Arch Virol 161:499–501.
https://doi.org/10.1007/s00705-015-2680-z.
TABLE 1 Summary report of the de novo-assembled K. pneumoniae phages from this study
Phage NCBI BioSample no. GenBank accession no. GC content (%) Genome size (bp) No. of CDSsa Avg coverage ()
vB_KpnP_PRA33 SAMN05892888 KY652723 52.52 40,605 52 5,000
vB_KpnP_IL33 SAMN05892890 KY652724 52.50 41,335 55 15,000
vB_KpnP_BIS33 SAMN05892889 KY652725 52.70 41,697 59 38,000
vB_KpnM_BIS47 SAMN05892891 KY652726 44.62 147,443 267 5,200
aCDSs, coding sequences.
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